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1. ADDITIONAL TABLES AND REACTION PROFILES

Table S1. Effect of the FA/NEt; ratio on the catalytic activity of 2.1

Entry NEt; (mol%) TOF,"! TON'! conversion (%)
1 25 102 204 (3) 20
2 50 276 653 (3) 65
3 100 398 816 (3) 82
4 200 418 827 (3) 83

2] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); specified amount of NEt;, THF (4.0 mL), 60 °C. Gas evolution measured by manual gas
buret. ! Defined as mmoly;, produced / MMOlcaalyst X h'! (calculated after 1h). ] Defined as mmoly, produced / MMOlaaryst. Run time (h) in parenthesis. All
tests were repeated at least twice to check for reproducibility (error + 10%).
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Figure S1. Reaction profiles for FA/NEt; ratio effect screening in FA dehydrogenation with 2.
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Table S2. Effect of different solvents on the catalytic activity of 2.1

Entry solvent TOF;," TON'" conversion (%)
1 THF 612 1000 (3) 100
2 PC 500 1000 (3) 100
3 dioxane 378 878 (3) 88
4 EtOH 165 650 (3) 65

[2JReaction conditions: 2 (0.01 mmol); FA (10 mmol); NEt; (100 mol%), solvent (2.0 mL), 60 °C. Gas evolution measured by manual gas buret.
Defined as mmoluy produced / MMOlcaiatyst X h' (calculated after 1h). [ Defined as mmoly, produced / MMOlcaiys. Run time (h) in parenthesis. All tests were
repeated at least twice to check for reproducibility (error £ 10%).
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Figure S2. Reaction profiles for solvent effect screening in FA dehydrogenation with 2.
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Table S3. Effect of different amines on the catalytic activity of 2.1

Entry amine (mol%) TOF,," TON! conv. (%)
1 NEt; (50) 593 980 (3) 98
2 DMOA (50) 673 980 (3) 98
3 DBU (50) 459 571 (3) 57

2] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); specified amine (50 mol%), THF (2.0 mL), 60 °C. Gas evolution measured by manual gas
buret. ! Defined as mmoly, produced / MMOleaalyst X h! (calculated after 1h). [l Defined as mmoly, produced / MMOleaayst. Run time (h) in parenthesis. All
tests were repeated at least twice to check for reproducibility (error + 10%).
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Figure S3. Reaction profiles for amine effect screening in FA dehydrogenation with 2.

S4



Table S4. Effect of the reaction temperature on the catalytic activity of 2.

Entry Solvent T (°C) TOF,,™ TON! conv. (%)
1 THF 40 79 180 (3) 18
2 THF 60 612 1000 (3) 100
3 PC 60 500 1000 (3) 100
4 PC 80 1800 @ 1000 (0.6) 100

2] Reaction conditions: 2 (0.01 mmol); FA (10 mmol); NEt; (100 mol%), solvent (2.0 mL). Gas evolution measured by manual gas buret. !
Defined as mmolip; produced / MMOlegayst X h™ (calculated after 1h). ) Defined as mmoli produced / MMOLegarys. Run time (h) in parenthesis. [/ TOF
calculated after 20 min due to fast reaction. All tests were repeated at least twice to check for reproducibility (error = 10%).
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Figure S4. Reaction profiles for temperature effect screening in FA dehydrogenation with 2.
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Table S5. Effect of the substrate concentration on the catalytic activity of 2.

Entry [FA] (mol/L) TOF,, TON conversion (%)
1= 2.5 398 816 (3) 82
2! 5.0 612 1000 (2.5) 100
3k 10.0 770 1000 (2) 100

Reaction conditions: ™2 (0.01 mmol); FA (10 mmol); NEt; (100 mol%), THF (4.0 mL), 60°C. ™ THF (2.0 mL). '/ THF (1.0 mL). Gas evolution
measured by manual gas buret. [ Defined as mmoly, produced / MMOlcaalyst X h! (calculated after 1h). I Defined as mmoly, produced / MMOleaaryst. Run time
(h) in parenthesis. All tests were repeated at least twice to check for reproducibility (error + 10%).
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Figure S5. Reaction profiles for substrate concentration effect screening in FA dehydrogenation with 2.
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Table S6. Effect of catalyst loading on the catalytic activity of 2.

Entry [FA](mol/L) solvent T (°C) TOF]hId] TON! conversion (%)
1= 10.0 THF 60 918 2245 (6) 22
2! 5.0 PC 80 1714 6286 (6) 63
3k 10.0 PC 80 2635 10000 (6) 100

Reaction conditions: ™ 2 (0.005 mmol); FA (50 mmol); NEt; (100 mol%), THF (5.0 mL), 60 °C. ™ 2 (0.005 mmol); FA (50 mmol); NEt; (100
mol%), PC (10.0 mL), 80 °C. 2 (0.005 mmol); FA (50 mmol); NEt; (100 mol%), PC (5.0 mL), 80 °C. Gas evolution measured by manual gas
buret. [ Defined as mmoly; produced / MMOleqarys X h™' (calculated after 1h). ) Defined as mmolis produced / MMOleqaiysr. Run time (h) in parenthesis. All
tests were repeated at least twice to check for reproducibility (error + 10%).
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Figure S6. Reaction profiles for catalyst loading effect screening in FA dehydrogenation with 2.
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Table S7. Slow FA addition tests in the presence of 2 and 3 and NEt;.

Entry No. run Initial FA/cat TOF 19 min!® TON® conversion (%)
1= 1 5000 2574 2500 50 (65)
2 2628 2500 50 (135)
3 2439 2500 50 (230)
4 2140 2500 50 (350)
5 1874 2170 47 (520)
20! 1 1000 1782 502 50 (17)
2 1715 502 50 (35)
3 1668 502 50 (52)
4 1795 502 50 (70)
5 1727 502 50 (87)
6 1701 502 50 (105)
7 1724 502 50 (122)
8 1710 502 50 (145)
9 1616 502 50 (175)
10 1517 502 50 (210)
1 1401 502 50 (250)
12 1279 52 5(270)
3 1 5000 2844 2500 50 (60)
2 2664 2500 50 (130)
3 2494 2500 50 (225)
4 2141 2500 50 (345)
5 1882 2300 48 (550)

Reaction conditions: ™ 2 (0.005 mmol); FA (25 mmol, initial); NEt; (100 mol%), PC (5.0 mL), 80 °C. ™2 (0.01 mmol); FA (10 mmol, initial); NEt;
(100 mol%), PC (5.0 mL), 80 °C. : ') 3 (0.005 mmol); FA (25 mmol, initial); NEt; (100 mol%), PC (5.0 mL), 80 °C. ! Defined as mmoly; produced /
MMOleaaryst X b (calculated after 10 min). ! Defined as mmolus produced / MMOlegiatys. ) Run time (min) in parenthesis. All tests were repeated at least
twice to check for reproducibility (error + 10%).
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Figure S4. Reaction profiles for slow feed FA dehydrogenation with 2 and 3. Conditions: Neat FA (12.5
mmol aliquots) added after 65, 135, 230, 350 min (entry 1); 17, 35, 52, 70, 87, 105, 122, 145, 175, 210, 250
min (entry 2); 60, 130, 225, 345 min (entry 3).

2. COMPUTATIONAL DETAILS

Calculations were performed using the GAUSSIAN 09 software package,' without symmetry constraints. The optimized
geometries were obtained with the B3LYP functional.” That functional includes a mixture of Hartree-Fock® exchange
with DFT* exchange-correlation, given by Becke’s three parameter functional with the Lee, Yang and Parr correlation
functional, which includes both local and non-local terms. The basis set used consists of the Stuttgart/Dresden ECP
(SDD) basis set’ to describe the electrons of the iron atom, and a standard 6-31g(d,p) basis set® for all other atoms.
Frequency calculations were performed to confirm the nature of the stationary points yielding no imaginary frequency
for the the minima. 'H chemical sifts were calculated at the B3LYP level of theory for the optimized structures of trans-
[Fe(PNPV-iPr)(H)(CO)(n'-OCOH)] (4) and trans-[Fe(PNPY-iPr)(H)(CO)(n'-HCOOH)]" (5) using the gauge-
independent atomic orbital (GIAO) method in Gaussian 09 with the above basis sets. Chemical shifts are given with

respect to Si(Mes); (TMS) at the same computational level.”
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Scheme S1. Calculated 'H NMR hydride shifts for trans-[Fe(PNPM-iPr)(H)(CO)(m'-OCOH)] (4) and trans-[Fe(PNP¢-
iPr)(H)(CO)(n'-HCOOH)]" (5).
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Atomic coordinates

trans-[Fe(PNPM-iPr)(H)(CO)(n'-OCOH)] (4)
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